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Abstract 
Ti-W-N thin films were deposited by reactive RF sputtering with a W-Ti(30 at.%) target in an argon/nitrogen atmosphere. The 
nitrogen partial pressure ratio in the growth chamber was varied from 0 to 11%. The influence of the nitrogen partial pressure 
ratio on the properties of Ti-W-N thin films was studied. The electrical resistivity of the Ti-W-N thin films varied gradually from 
117.5 ȝȍ•cm to 675 ȝȍ•cm with the increase of nitrogen partial pressure ratio from 0 to 5.88%. However, the resistivity 
increased sharply if the ratio was raised further. X-ray photoelectron spectroscopy (XPS) analysis showed that nitrogen 
concentration in the films increased with the nitrogen partial pressure ratio and reached 36% when the ratio was 11%. Binding 
energy analysis showed that W was mainly in W2N and Ti was mainly in TiN when the film contained a nitrogen concentration 
of 36%. Grazing incidence X-ray diffraction (GIXRD) analysis confirmed that a f.c.c mixed phase W2N/TiN was present in the 
film. Moreover, the temperature coefficient of resistance and the micromachining of the Ti-W-N thin films were investigated. 
PACS: 73.61.-r ;81.05.-t;81.15.Cd;68.37.Yz;68.37.Xy 
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1. Introduction 
Emitter resistor arrays are one popular approach to obtaining infrared scene projectors capable of wide dynamic 
range. Usually the emitter resistor is made of resistive films. The resistive films must provide the high resistivity and 
the resistivity can be easily controlled. The resistive films also must be stable at high temperature and having low 
temperature coefficient of resistance (TCR) in the 20-650 degree Kelvin temperature range [1]. 
Investigations of transition metal nitrides have both scientific and technological significance. These compounds 
exhibit remarkable physical properties including high melting point, good chemical and thermal stability, good 
electrical properties, excellent mechanical strength. Transition metal nitrides can meet the requirement of the emitter 
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resistor. Among various transition metal nitrides, HfN, ZrN and TiN films have been used as resistive films in 
dynamic infrared scene generation [2].While compared the binary alloys above, the ternary compounds such as Ti-
W-N film has better performance. For example, Ti-W-N film shows higher adhesion and corrosion resistance [3] 
and provides better barrier properties [4]. 
Reactive DC magnetron sputtering of thin films is a popular technique for the deposition of Ti-W-N films [5-
7].The composition and crystalline structure of the films have been studied [5-7].To the best of our knowledge, the 
literature about Ti-W-N films deposited by RF sputtering is rear.  
The aim of this paper is to investigate the electrical resistivity, composition and crystalline structure of RF 
sputtered Ti-W-N films as a function of the N2 partial pressure ratio. Furthermore, the TCR and the micromachining 
of the Ti-W-N films were studied for its application in dynamic infrared scene generation. 
2. Experimental details 
Ti-W-N thin films were deposited by RF reactive sputtering with a W-Ti (30 at.%) target and a specific target 
power density of 5W•cm-2.The substrates used were either Si (100) or SiO2. The distance between the substrate and 
target was 120mm. Prior to the deposition, the vacuum pressure was about 2×10-4Pa. To control the film 
composition, the Ar to N2 ratio was varied. The flow rates of the N2 and Ar gases were separately controlled by 
mass-flow controllers. The total pressure of (N2 + Ar) in the sputtering reactor was kept at a constant value of 1.5Pa 
whereas the flow ratio of N2 / (N2 + Ar) was varied in the range of 0 -11%.The thickness of the Ti-W-N films 
ranging from 60nm to 200nm was measured with a non-contact surface profilometer (Taylor Hobson CCI-2000) 
after a step was locally created. A four-point probe was used to measure the sheet resistance of the films, from 
which resistivities were obtained combining with the film thicknesses. The TCR was calculated after measuring the 
sheet resistance in the temperatuUe range between 25qC䎃 and 450qC. The bonding structures and the chemical 
binding energies of the W, Ti and N atoms were investigated by using X-ray photoemission spectroscopy (XPS).The 
spectra were corrected by the C 1s peak at 284.8 eV as the reference peak. The crystallinity of the Ti-W-N film was 
determined using an X-ray diffractometer (XRD, JEOL, JSM6700F) with Cu KĮ radiation source (1.5405Å). 
Grazing incidence X-ray diffraction (GIXRD) patterns were obtained by scanning over a 2ș range of 20°-80°. The 
film surface morphology and roughness were observed by atomic force microscopy (AFM). Two micromachining 
methods were used to pattern the Ti-W-N films. 
3. Results and discussion 
3.1. Resistivity and TCR 
The resistivity and N concentration of the Ti-W-N films as a function of the N2 partial pressure ratio were 
presented in Fig.1. As shown in Fig.1 ,the N concentration increased with the N2 / (N2 + Ar) ratio, reaching 36% at 
the N2 partial pressure ratio of 11%.When the N2 partial pressure ratio was 0, the resistivity of TiW thin film was 
117.5ȝȍ•cm. A similar value was reported by V.G.Glebovsky [8].The resistivity varied slowly from 117.5ȝȍ•cm to 
675ȝȍ•cm with the increase of the N2 partial pressure ratio from 0 to 5.88%. When the ratio was raised further, the 
resistivity increased drastically, reaching 7150ȝȍ•cm at the N2 partial pressure ratio of 11%. These results were in 
accordance with those published by A.E. Geissberger et al. [6]. The increase of the resistivity is due to (1)electron 
scattering by N and Ti atoms in the W lattice which act as impurities; (2)matrix saturation by the N atoms and (3) 
the nitride formation in the film. 
Fig.2 showed the sheet resistances of the films varied with temperature. The resistance changed little in the 25-
450qC temperature range. The film deposited with N2 partial pressure ratio of 8% had a negative TCR of 391ppm/qC 
(10-6 -1qC ). This result indicated that the films have high temperature stability. 
3.2. XPS 
The TiW and Ti-W-N films were analyzed by XPS in order to determine the chemical bonding configuration and 
the atomic concentration of respective elements. The samples were first sputtered by Ar ion for 5 minutes to remove 
the contamination layer. The XPS spectra of the Ti-W-N and TiW thin films were presented in Fig. 3. 
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Fig.1. Electrical resistivity and nitrogen concentration of                                  Fig.2. Sheet resistances of Ti-W-N films vs. temperature, the film 
  Ti-W-N films vs. nitrogen partial pressure ratio                                                 was deposited with the nitrogen partial pressure ratio of 8% 
 
Fig.3. XPS spectra for TiW and Ti-W-N films 
The peaks corresponding to Ti 2p, W (4s,4p,4d, 4f) and N 1s (not found in the TiW thin film) core levels were 
present in the spectra, as well as two peaks of impurities (O 1s and C 1s). The oxygen could be from the atmospheric 
exposure during transition from the deposition chamber to the XPS chamber or from the residual oxygen in the 
deposition chamber. In the Ti-W-N film deposited with N2 partial pressure ratio of 11%, the atomic concentrations 
of W, Ti, N were 54%, 10%, 36%, respectively. 
The high resolution XPS spectra of the film in the W 4f ,Ti 2p and N 1s energy regions were shown in 
Figs.4(a),4(b)and 4(c), respectively.Fig.4(a) showed high resolution W 4f spectra from a TiW film and a Ti-W-N 
film grown with N2 partial pressure ratio of 11%. The metallic TiW film showed W 4f 7/2 and W 4f 5/2 peaks at 
31.5eV and 33.6 eV, which were close to the reported values of 31.4eV and 33.58 eV for W 4f 7/2 and 4f 5/2 , 
respectively[9]. Shifts in W 4f peaks due to the formation of metastable WN were reported to be about 2 eV [9]. 
Reported value for the W 4f peak shifts due to the formation of W2N varied from as high as 1.6 eV [10], to as little 
as 0.25 eV [11].A very small shift of 0.5 eV was measured in our samples. A similar value 0.6eV was reported by 
C.C. Baker, et al. [12]. The chemical shifts in the core levels of WNx film relative to elemental W reflected a charge 
transfer from tungsten to nitrogen during the nitridation process [10]. The remaining peak areas can easily be 
ascribed to tungsten oxide, as W in WO3 at 35.5eV and 37.8eV, and to W 5p3/2 [7].   
Fig. 4(b) compared the Ti 2p of the TiW film with that of the Ti-W-N film grown with N2 partial pressure ratio of 
11%. The  TiW film showed Ti 2p3/2 and Ti 2p1/2 peaks at 458.7eV and 464eV [9], which could be ascribed to Ti 
in TiO2. Besides, the peaks at 455.1eV could be ascribed to Ti in TiO [9], the occurrence of the TiO and TiO2 could 
be caused either by the high reactivity of Ti during exposure of sample to air or by the residual oxygen in the 
deposition chamber. Shifts in Ti 2p peaks due to the formation of TiN was measured in our samples. The Ti-W-N 
sample showed Ti 2p 3/2 and Ti 2p1/2 peaks at 455.8eV and 461.4 eV, which were ascribed to the Ti in TiN [9]. 
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Fig.4. High resolution XPS spectra of W 4f (a) and Ti 2p (b) for TiW and Ti-W-N films deposited with the nitrogen partial pressure ratio of 0% 
and 11% , respectively. 
The N 1s high-resolution spectrum was given in Fig.5. The major peak in the N 1s spectrum was centered at 
396.8 eV with a shoulder at a higher binding energy which was close to a value reported for Ti-W-N film, 
397.0eV[7]. The 396.8 eV could be attributed to the nitrogen in TiN [9] and W2N [10]. The shoulder was centered at 
399.1eV and attributed to nitrogen in CNx [7]. 
  
Fig.5.  High resolution XPS spectrum of N 1s for Ti-W-N films deposited with the nitrogen partial pressure ratio of 11% 
3.3. GIXRD analysis 
GIXRD was used to reveal phase composition and crystal structure of the samples. 
Fig. 6(a) represented GIXRD spectrum of the 3mm thick TiW target. The TiW target had a strong diffraction 
peak at 2ș=40.26°, which was overlapping of two peaks related to W (110) (PDF #040806) and TixW1-x (101) (PDF 
#491440) planes. Fig. 6(b) represented GIXRD spectrum of the metallic TiW film, five broaden peaks can be 
observed, the most intense peak was at 2ș= 39.60°, which was in fact an overlapping of two peaks related to ȕ-
W( 210) and Ti( 101) planes. Tungsten has a primitive cubic structure with a lattice parameter a = 5.05 Å. The peak 
of W (210) and Ti (101) planes was located at 2ș= 39.884° (PDF #471319) and 2ș= 40.170° (PDF #441294), 
respectively. The occurrence of a ȕ phase had been observed previously in tungsten films grown by sputtering [13-
16],while other researchers observed Į-W [7][17] .The Į-W phase is the thermodynamically stable phase, while the 
ȕ-W phase has been identified as a metastable form of pure tungsten, being of a faulted W3–W type structure [13], 
while other researchers assumed that it was a tungsten oxide of W3O type structure[13,18-19] . G. Abadias [13] 
reported that increasing deposition temperature to 200 °C tends to decrease the contribution of ȕ grains and make 
the transformation from ȕ phase to Į phase. 
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Fig.6. GIXRD spectra of (a) TiW target (b) TiW film (c)(d)Ti-W-N film deposited at nitrogen partial pressure ratio of 8% and 11%, respectively 
On the other hand, the lattice parameter calculated from the position of the mentioned peak was a = 5.085 Å 
(bigger than 5.05 Å). The discrepancy between the measured lattice parameter and the reported value was due to the 
formation of the titanium solid solution in a tungsten matrix—the presence of titanium in the tungsten lattice 
contributes to its expansion. The mean grain size of TiW thin film was estimated to be about 6.4 nm by the analysis 
of the tungsten peak width. When the N2 partial pressure ratio was 8- 11%, significant structural differences induced 
by N were detected in the films. The ȕ-W phase disappeared and only a f.c.c NaCl-type phase was observed. The 
main (111) peaks were located at 36.86° and 36.78°, respectively. The lattice parameter was approximately 4.22 Å 
and 4.229 Å, respectively. Although the value is close to the TiN value, we considered the crystal structure is a 
mixed phase W2N/TiN (WxTiyNz homogenous solid solution). If the f.c.c. phase were TiN, a tungsten -containing 
phase should have been observed in the diffraction patterns, which was not the case [7]. Similar structure and close 
values of the lattice parameters of ȕ-W2N and TiN (4.126 Å and 4.241 Å, respectively) make the assumption 
feasible. These results agreed with literature [5] [7] [17].  
Compared Fig.6(c) and Fig.6(d), the lattice parameter of the films, calculated from the (111) diffraction peak, was 
4.22 Å and 4.229 Å, respectively. The grain size, calculated by the Scherrer’s formula from the integral width of the 
(111) diffraction peak, was 12.25nm and 7.74nm, respectively. These results are in accordance with those published 
by A.Cavaleiro et al. [19], according to which, the lattice parameter is proportional to the content of the interstitial 
nitrogen element in the Ti-W-N films. Since the grain size is inversely proportional to the interstitial content, the 
decrease of grain size, making the grain boundary increase, results strong electron scattering, so the film resistivity 
was increased. This result agreed with the result of resistivity measurement above. 
3.4. AFM 
The surface morphology and roughness of Ti-W-N film deposited on Si substrate can be seen from the AFM 
image, presented in Fig.7. The lateral dimension of the grains at the Ti-W-N thin film surface was estimated to be 
about 40nm. The grain size observed was bigger than that calculated from the X-ray peaks (with a value of 13nm). 
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The initial root mean square (RMS) surface roughness of Si substrate is about 4 nm, while RMS surface roughness 
of deposited Ti-W-N film is about 4.4 nm, which means that the formed thin film duplicates the morphology of the 
substrate. 
3.5. Micromachining 
To demonstrate the possible application of the Ti-W-N film, long serpentine structure was fabricated using 
micromachining methods. Two methods were used to etch the Ti-W-N film. One is lift-off method with result 
shown in Fig.8, the line width of the patterned film is 2 μm. The other is chemical wet etching by using 30% 
solution of hydrogen peroxide at 80qC or a solution of EDTA (ethylenediamine tetra acetic acid), hydrogen peroxide, 
and ammonium hydroxide.   
     
Fig. 7. AFM image of Ti-W-N film (2 ȝm×2ȝm; RMS = 4.4nm)        Fig.8. Patterning of the Ti-W-N film using the lift-off method 
4. Conclusions
The influences of N2 partial pressure ratio on the properties (electrical resistivity, composition and crystalline 
structure) of Ti-W-N thin films deposited by RF reactive sputtering were investigated in depth. The properties were 
strongly dependent on the N2 partial pressure ratio. Moreover, the surface morphology, TCR and the 
micromachining of the Ti-W-N thin films were investigated. 
The resistivity varied slowly and then increased drastically with the N2 partial pressure ratio, the gradual 
incorporation of nitrogen atoms into the films and consequently variation of films structure were the reasons of the 
change of the resistvity. XPS was used to determine the chemical bonding configuration of W 4f ,Ti 2p, N 1s and 
the atomic concentration of elements. GIXRD was used to reveal phase composition and crystal structure transition 
of the samples. Transition from ȕ-W to f.c.c W2N was found with the increasing of the N2 partial pressure ratio. XPS 
and GIAXRD analyses confirmed that films deposited at N2 partial pressure ratio of 11% were mixed phase of 
W2N/TiN (WxTiyNz homogenous solid solution). A typical TCR of Ti-W-N film was -391ppm/qC (10-6qC -1). The 
AFM showed that the formed film follows the morphology of the substrate. Both lift-off and wet etching methods 
were used to pattern the Ti-W-N films for dynamic infrared scene generation application. 
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